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Abstract 
The purpose of this study was to evaluate the effects of aluminum on the tissue 
enzymes of gills, liver and muscles in common carp. In this study, the effects of sub 
lethal levels of aluminum on metabolic enzymes, Aspartate aminotransferase, Alanine 
aminotransferase and alkaline phosphatase (AST, ALT and ALP) in organs including 
gills, liver and muscles of common carp (Cyprinus carpio) were evaluated after 24, 48, 
72 and 96 h exposure under laboratory conditions. Tissue extracts were prepared from 
each group. Enzymes were measured using commercial kits and auto-analyzer Selectra-
PRO. According to statistical data analysis, it was found that the activity of this enzyme 
in tissues increased significantly compared to that in the control group. AST enzymes 
in the liver and muscle increased significantly but were reduced at 96 h. ALP levels in 
muscle tissue significantly increased at 72 h but were reduced at 96 h. The alterations in 
the activities of these enzymes indicated that the presence of aluminum interfered with 
transamination and metabolic process in tissues. As a biomarker in various organs, it 
can also be useful for toxicology. 
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Introduction  
Aluminum is the third most abundant 
element on earth. About 8% of the 
Earth's crust is made up of oxygen, 
silicon, fluorine and other elements in 
soil, stone, clay and precious stones 
(Sigel and Sigel, 1988). Exposure to 
aluminum is almost inevitable and is an 
active additive substance available in 
air, water, food and medicines (Li et al., 
2009). It also has negative effects on 
human health and animals (Osinska et 
al., 2004). Aluminum has been 
introduced by the Agency for Toxic 
Substances and Disease Registry, as a 
toxic substance to humans and animals 
(Agency for Toxic Substances and 
Disease Registry, 2008). This substance 
can impair the brain, kidney, liver and 
muscles. Fish have special importance 
in aqua-toxicology due to economic 
value and sensitivity to pollutants 
(Zahedi et al., 2014). Enzymatic 
analysis has been widely used for early 
detection and metal poisoning (Dutta 
and Areids, 2003). Aminotransferases 
catalyze chemical reactions in cells in 
which the amine group is transferred 
from a donor molecule to a recipient 
molecule. These enzymes are essential 
amino acids and constitute an essential 
part of the body's tissues. Therefore, 
they play an important role in the 
metabolism of carbohydrates and 
proteins (Burtis and Ashwood, 2001). 
Aspartate amino transferases (AST) are 
naturally found in the cytoplasm and 
mitochondria of cells in different types 
of tissue such as liver, heart, muscle and 
brain. The AST level increases, if the 
tissues are injured. For example, the 
level of AST increases in myocardial 
infarction and myotonic dystrophy. The 
bulk of alanine amino transferase 
(ALT) in combination with AST is 
found in the liver where the recipient is 
most concentrated. Changes in the level 
of ALT and AST showed tissue damage 
in the liver, kidney, gills, brain and 
muscle. Alkaline phosphatases play an 
important role in the transport of 
metabolites across the cell membrane 
and carboxylic acid cycle (TCA) for 
energy production (Das et al., 2004). 
Changes have been observed in the 
activity of alkaline phosphatase in 
tissues, organs and blood of fish 
exposed to poisons. Studies have shown 
that enzymes change in the body and 
blood of fish when exposed to poisons 
(El-Demerdash and Elagamy, 1999; 
Das et al., 2004). The aim of this study 
was to evaluate changes in the activity 
of the enzymes ALT, AST and ALP in 
liver, gills and muscles of common carp 
exposed to aluminum. 
 
Materials and methods  
In this study aluminum sulfate was used 
with purity of 99.9% (Merck). Fish 
were taken from the center of 
reproduction and nurture Zahak to the 
Hamoun Wetland International 
Institute. Fish were distributed after 
adaptation to laboratory conditions 
(1,000 liter fiber glass holding tank for 
three weeks) in 15 aquariums (20 liter) 
with a density of 10 fish per aquarium. 
This experiment consists of 4 different 
aluminum concentrations (1, 2, 4 and 6 
(mg/L)) and a control group with three 
replicates for each concentration. This 
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dose was selected based on other 
research (Authman, 2011; Sivakumar et 
al., 2012; Zahedi et al., 2014). This was 
done according to the manual test 
(OECD) and static conditions. Liver, 
muscle and gill tissue extract were 
provided after 24, 48, 72 and 96 h of 
testing, and stored in small glass 
containers at -20°C (Voegborlo and 
Akagi, 2007). 
     Tissue samples were taken to 
measure the presence of enzymes 
alanine aminotransferase, aspartate 
aminotransferase and alkaline 
phosphatase. These enzymes were 
washed with saline and then 
homogenized with phosphate buffer at a 
ratio of 1 to10 and centrifuged at 12000 
g for 15 min (Dai et al., 2009). The 
enzymes were measured using an 
autoanalyzer and a commercial kit 
(Hayan Developers medicine). 
     Statistical analysis was performed 
using SPSS software. The Shapiro-Wilk 
test was used to confirm normality of 
data. Treatments were compared with 
the control group in different days using 
one-way ANOVA and separated in case 
of significant differences by Duncan’s 
test. The Excel software (Excel 2010) 
was used for drawing diagrams based 
on average and standard error. 
 
Results   
The results of this study showed that the 
presence of ALP enzymes in the liver, 
gills and muscle of fish at different 
concentrations of aluminum are 
significantly different when compared 
with the control group at different times 
(p<0.05). The lowest and highest 
amount of ALP observed were 36±0.05 
(U/L) in the control group and 80±0.1 
(U/L) 96 h after exposure with 
aluminum (1mg/L) in the liver tissue, 
respectively,. The highest ALP levels 
indicated were 103±0.8 (U/L) at 96 h 
(6mg/L) in the gill tissue and 67±0.6 
(U/L) at 48 h (1mg/L) in the muscle 
tissue. While the lowest values 
observed were 41±0.4 and 38±0.3 
(U/L), in the control group of the gill 
and muscle tissues, respectively. Also, 
statistical analysis of ALP values 
showed significant differences between 
the times (24, 48, 72 and 96 h) in liver, 
gills and muscle tissues (p<0.05). The 
highest level of ALP was reached in the 
liver and muscle after 96 h. The amount 
of this enzyme increased in the muscle 
after 24, 48 and 72 h but significantly 
decreased at 96 h (p<0.05) (Fig. 1). 
     The amount of ALT in the liver, gills 
and muscle of fish showed a significant 
difference between the different 
concentrations of aluminum and the 
control group (p<0.05). The enzyme 
ALT in the gill tissue of fish exposed to 
aluminum reduced significantly 
compared to the control group (p<0.05). 
The lowest and highest amounts of 
enzymes found in the gill tissue were 
2±0.1 (U/L) at 96 h (concentration 2 
mg/L) and 6.6 (U/L) at 24 h (4mg/L), 
respectively. 
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Figure 1: Comparison of average ALP enzymes (U/L) in the tissues of liver, muscle and gills at 
different times with different concentrations of aluminum (mg/L), different lowercase 
letters within a time point indicate significant differences between treatments and 
uppercase letters indicates significant difference between different times, and designate 
statistically significant values (One-way ANOVA–Duncan test, p<0.05). 
The ALT levels increased significantly 
after 48 h (p<0.05), but no significant 
differences were found between the 
different concentrations and the control 
group at 96 h in liver tissue (p>0.05). 
     Statistical analysis of ALT values 
showed that the lowest and highest 
values observed were 11±0.05 (U/L) in 
the control group and 48±0.2 (U/L) at 
48 h (6mg/L), in the liver tissue, 
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respectively. The lowest and highest 
values observed were 3±0.1 (U/L) in 
the control group and 7.6±0.3 (U/L) at 
24 h in the muscle tissue, respectively. 
The ALT levels were not significantly 
different between the times in the 
muscle tissue of fish (p>0.05). However 
there were significant differences 
between the times in the liver and gill 
tissues (p<0.05) (Fig. 2). 
 
 
 
 
Figure 2: Comparison of the average ALT enzyme (U/L) in the tissues of liver, muscle and gill in 
different times with different concentrations of aluminum (mg/L), different lowercase 
letters within a time point indicate significant differences between treatments and 
uppercase letters indicates significant difference between different times, and designate 
statistically significant values (One-way ANOVA–Duncan test, p<0.05). 
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AST activity recorded in different 
tissues of fish exposed to aluminum is 
significantly different compared to the 
control group (p<0.05). The lowest and 
highest amount of the enzyme observed 
were 24±0.2 (U/L) at 96 h and 67±0.5 
(U/L) at 24 h in the liver tissue, 
respectively, while the AST values of 
the gill and muscle tissues increased 
from 10±0.3 (U/L) in the control group 
to 19±0.4 (U/L) at 96 h and from 
249±0.5 (U/L) in the control group to 
383±3.2 (U/L) at 48 h, respectively. 
Statistical analysis of AST values
showed significant differences between 
the different times for gill tissue 
(p<0.05). The highest level of enzyme 
were found in the gills of fish when 
exposed to aluminum after 96 h. AST 
level at concentrations of 1 and 2 mg/L 
increased in the liver after 24 h and 
reduced at other times, and no 
significant differences were observed 
between the different times (p>0.05). 
The AST significantly increased in 
muscle tissue after 72 h but reduced at 
96 h (p<0.05) (Fig. 3). 
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Figure 3: Comparison of the average AST enzyme (U/L) in the tissues of liver, muscle and gills in 
different times and different concentrations of aluminum (mg/L), different lowercase 
letters within a time point indicate significant differences between treatments and 
uppercase letters indicates significant difference between different time, and designate 
statistically significant values (One-way ANOVA–Duncan test, p<0.05). 
 
Discussion   
Alkaline phosphates (ALP) are 
important biomarkers for cellular 
responses to cell toxicity and genetic 
toxicity (Lohner et al., 2001). ALP 
catalyzes the dephosphorization process 
of organic phosphate (Molina et al., 
2005). It also plays a role in bone 
formation and membrane transport. 
Karan (1998), studied the impact of 
copper on ALP activity in the tissues of 
fish (Cyprinus carpio). The study found 
that enzyme activity increased in the 
gills of fish. This increase is associated 
with the changes in tissue and cell 
damage (Karan et al., 1998; Selamoglu 
Talas et al., 2012). The study of Alti et 
al. (2007) showed similar results with 
the present study. The effects metals 
such as cadmium, lead, zinc and copper 
on ALP enzyme changes in fish 
(Oreochromis niloticus) were studied 
for 14 days. This study also found that 
the metals increased ALP activity in the 
tissues of fish particularly the liver. Das 
et al. (2004), observed an increase in 
ALP activity in tissues exposed to 
nitrite of Catla catla Labeo rohita. The 
study suggested that increase in 
transferase causes α-amino acid 
deviation in the tricarboxylic acid cycle 
(TCA) for energy production. In some 
studies, the activity of these enzymes 
has been observed. El-Demerdash and 
Elagany (1999) observed the inhibition 
of enzyme activity in some tissues, 
especially the liver (Tilapia nilotica) 
due to the breakdown of cell 
membranes balance. Bernet (2001) 
observed that the activity of these 
enzymes decreased in fish exposed to 
wastewater compared to the control 
group. Also, there were significant 
decreases in values of ALP compared to 
the control group in carp (Cyprinus 
carpio, L. 1758) exposed to arsenic 
(p<0.05) (Selamoglu Talas et al., 2012). 
Selamoglu Talas et al. (2014) observed 
that enzymes activity decreased in the 
arsenic group compared to the control 
in Cyprinus carpio. This is due to 
possible disruptions in the 
749 Miri et al., Effects of aluminum on some tissue enzymes of gills, liver and muscles in … 
 
transportation membrane and 
absorption of nutrients (Bernet, 2001). 
In the study of Gabriel (2012), the ALP 
activity was reduced in Clarias 
garicpinus exposed to cypermethrin, 
because of the reduction in the rate of 
glycogen synthesis by reducing the 
metabolic demand (metabolism) and 
electrolyte imbalance (hyponatremia). 
Phosphatases play an important role in 
the transport of metabolites across the 
cell membrane. Decline in ALP activity 
in some concentrations may be due to 
the disruption of membrane transport 
systems (Gabriel, 2011, 2012). In the 
present study, the ALP in gills, liver 
and muscle tissues of common carp 
exposed to aluminum increased and this 
increase can be attributed to the change 
and destruction of cells (Khattab, 
2007). ALP increase may also be due 
to liver damage and bone deformation 
(Pari and Amali, 2005). Increase of the 
amount of enzymes in tissues can be 
seen as a sign of tissue damage for 
energy production (Atli et al., 2006).  
     Fish need more energy during stress 
for detoxification and excretion of 
toxins to reduce the effects of toxins in 
the body. However, increase of 
transaminase is effective and efficient 
against amino acids in different tissues 
in the fish's metabolic processes and 
indicates increased stress (Tiwari and 
Singh, 2004). Increase in ALT and AST 
yields more energy during stressful 
conditions, due to high demand and 
precursors of carbohydrates to preserve 
the glycolytic pathway (Glycolytic) and 
stable levels of tolerance in the TCA 
cycle (Begum, 2005). Alian (2013) 
studied the effects of cyanide in 
common carp tissue enzymes (AST, 
ALT and ALP). They found that the 
activity of AST in the liver and brain 
tissues significantly increased compared 
to the control group. The study reported 
that the changes of enzyme activity are 
an indication of metabolic problems 
caused by chronic poisoning by cyanide 
in the organ. The results of Begum 
(2004) are similar to that of the present 
study. He reported that activity in the 
face of chemical changes. These 
changes are due to the turmoil in the 
biochemical and physiological 
processes in the body of fish. Sepici-
Dincel (2009) observed that ALT and 
AST increased in the muscles and liver 
of common carp (Cyprinus carpio) 
when exposed to Cyfluthrin insecticides 
because of disruption in the Krebs 
cycle. Yildirim et al. (2006) observed 
that ALT and AST activity increased in 
the gills and liver of Oreochromis 
niloticus when exposed to deltamethrin 
for four days. The study reported that 
increase of protein for energy during 
the stress of pollution, is due to the 
increase of these enzymes. Gabriel 
(2012) observed increase in the activity 
of these enzymes in the tissues of fish 
(C. gariepinus). Also, Selamoglu Talas 
et al. (2012), observed that ALT and 
AST values increased when C. carpio 
was exposed to arsenic (p<0.05). The 
study suggested that reducing the 
activity of the Krebs cycle reduces the 
intermediates in the cycle. This is 
therefore compensated by providing α-
ketoglutarate which increases this 
enzyme. AST and ALT are involved in 
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gluconeogenesis and the amino acid 
transaminase activity. Increase of 
transaminase is a safety mechanism that 
occurs in the early stages of the disease 
(Chang et al., 2005). On the other hand, 
decrease of AST and ALT may 
counteract the effects of poison, 
maintaining the integrity of liver cell 
membrane structure and balance the 
body against toxins in fish (Lohner et 
al., 2001). Changes of enzyme activity 
are used as a sign of stress. Typically, 
an increase in liver enzymes ALT and 
AST represents the disease because of 
their biological status. Also, an increase 
of both enzymes AST and ALT may be 
due to inflammatory disease or liver 
damage. The results show that 
aluminum causes significant changes of 
the enzymes activity in various organs, 
which are likely to cause tissue damage 
in fish (Pari and Amali, 2005). The 
enzymes are used to notice the 
physiological status of lives and 
indicators of strees (Lal Shah, 2010). 
     Studies have observed changes of 
serum enzyme activity and tissue 
association due to physiological 
changes in the fish exposed to metals. 
Therefore, these enzymes can be used 
as biomarkers in the science of 
toxicology. 
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